Europaisches Patentamt 
(§) /lAII European Patent Office 



. ^ ^ , © Publication numl)er: 0 530 734 Al 

Office europeen des brevets ^ 



® EUROPEAN PATENT APPLICATION 

@ Application number: 92114874.8 ® tnt.CIA B01J 35/04, B01J 23/70, 

B01J 23/74, B01D 53/36, 
@ Date of filing: 31.08.92 PQ'I |y| 3/28 



@ Priority: 05.09.91 JP 225679/91 


© Applicant: NIPPON SHOKUBAI CO., LTD. 


@ Date of publication of application: 


1-1, Koralbashi, 4-chome 


Chuo-ku, Osaka(JP) 


10.03.93 Bulletin 93A10 






@ Inventor: HoriuchI, Makoto 


@ Designated Contracting States: 


36-3% Aoyama 


DE FR GB IT SE 


Hlme|i-shi, Hyogo-ken(JP) 




@ Representative: Kraus, Walter, Dr. 




Patentanwalte Kraus, Weisert & Partner 




Thomas-Wimmer-RIng 15 




W-8000 Munchen 22 (DE) 



® Catalyst for purifying exhaust gases of diesel engine. 



@ This invention provides a catalyst for purifying exhaust gases of a diesel engine, said catalyst comprising at 
least one element selected from nickel and cobalt and optionally a copper element. Further, this invention 
provides a catalyst for purifying exhaust gases of a diesel engine, said catalyst comprising a refractory three- 
dimensional structure and deposited thereon a catalyst component comprising the above elements and a 
refractory inorganic oxide. These catalysts can remove harmful ingredients contained in exhaust gases of a 
diesel engine, such as carbonaceous fine particles, unbumed hydrocarbons, carbon monoxide, etc. by burning 
from low temperatures and control formation of sulfates from sulfur dioxide. 
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This invention relates to a catalyst for purifying exhaust gases of a diesel engine. More specifically, this 
invention relates to a catalyst for purifying exhaust gases of a diesel engine, which can remove hanmful 
substances, such as carbonaceous fine particles, unbumed hydrocartx)ns, cartx>n monooxide and etc. in 
exhaust gases of a diesel engine by combustion, and suppress the fonnnation of sulfates. 

5 In recent years, particulate substances (composed mainly of solid carbonaceous fine particles, sulfur- 
type fine particles such as sulfates, liquid or solid high-molecular hydrocarbon fine particles, and the like; 
they are called "particulate substances" hereinafter) in exhaust gases of a diesel engine have caused a 
problem with physiological hazard. The reason is that since most of the particulate substances have the 
particle size of less than 1 micron, they are liable to float in an ambient atmosphere and easily taken in a 

10 human body. Accordingly, it has been considered to introduce tough regulatk>ns over exhaust of these 
particulate substances from diesel engine. 

Meanwhile, ttie amounts of the particulate sut>stances exhausted from the diesel engine have been 
reduced to a certain extent with improvements such as exertion of a higher pressure in fuel jet and control 
of fuel jet timing in the diesel engine. However, such a reduction is not said to be sufficient yet. Moreover, a 

75 soluble organic fraction (SOF) contained in the particulate substances and composed mainly of liquid high- 
molecular hydrocartx}ns cannot be removed by the above improvements of the engine, which results in 
Increasing the proportion of SOF in the particulate substances. Since said SOF contains harmful compo- 
nents such as carcinogenic substances, etc., removal of SOF along with the particulate substances has 
become a serious issue. 

20 As a method of removing p>articulate sut>stances, a catalytic system has been studied which comprises 
capturing particulate substances in exhaust gases of a diesel engine with a catalyst wherein a catalytic 
substance capable of burning cart)onaceous particles is deposited on a refractory three-dimensional 
structure such as a ceramic foam, a wire mesh, a metallic foam, a closed ceramic honeycomb, an open 
flow-type ceramic homeycomb, a metal honeycomb or the like, and removing cartx>naceous fine particles 

25 under exhaust conditions (a gas composition and a temperature) of exhaust gases obtained under usual 
running conditions of the diesel engine, optionally using a heating means such as an electric heater. 

In general, as a catalyst for purifying exhaust gases of a diesel engine, a catalyst having ttie following 
properties is expected. 

(a) Efficiency of burning from low temperatures harmful ingredients such as carbonaceous fine particles, 
30 unburned hydrocarbons, carbon monoxide, etc. 

(b) Oxidizability into sulfur trioxide (SOa) of sulfur dioxide (SOz) generated from sulfur components in 
diesel fuel is low, making it possible to suppress formation of sulfates (sulfur tn'oxide or sulfuric acid mist 
given by oxidizing sulfur dioxide). 

(c) It is possible to withstand continuous operation under high load (i.e., high-temperature durability is 
35 high). 

Various proposals have been so far made to enhance efficiency of burning and removing carbonaceous 
fine particles. For instance, Japanese Laid-open Patent Application (Kokai) No. 24597^80 discloses, as a 
platinum group element-type catalyst, a rhodium (7.5 %)-platinum alloy, a platinum/palladium (50/50) 
mixture, a product comprising tantarum oxide or cerium oxide and palladium deposited thereon, and further 

40 an alloy comprising palladium and not more than 75 % by weight of platinum. These catalysts are also 
stated to be effective for removal of SOF. 

Nevertheless, in a high temperature region of more than 500 'C, these components abruptiy increase in 
oxidizability of sulfur dioxide, causing increase in sulfates. Consequentiy, it could scarcely be applied to a 
high-temperature diesel engine an exhaust temperature of which is elevated to a temperature region of 

45 about 700* C. For this reason, it is undesirous to apply these components to the high-temperature diesel 
engine. 

Japanese Laid-open Patent Application (Kokai) Nos. 129030/1986. 149222/1986 and 146314/1986 

disclose catalyst compositions containing palladium and rhodium as main active components and further 

alkali metals, alkaline eartii metals, copper, lantanum, zinc and manganese as additional ingredients. 
50 Japanese Laid-open Patent Application (Kokai) No. 82944/1984 discloses a catalyst composition comprising 

at least one element selected from copper, alkali metals, molyfcxjenum and vanadium, and at least one 

element selected from platinum, rhodium and palladium. 

Of these elements, vanadium is not stat>le in exhaust gases of the diesel engine of higher than 500 "0; 

therefore, it can not be applied. 
55 Moreover, an open-type honeycomb noble metal oxide catalyst having open channel parallel to a gas 

flow has been reported as a catalyst of removing SOF in exhaust gases of a diesel engine (SAE Paper, 

810263). 



2 



EP0530 734A1 



[Problems the Invention Seeks to Solve] 

The aforesaid ordinary catalysts are all effective for burning and removal of carbonaceous fine particles 
or removal of SOF to some extent, but have high oxidizability of sulfur dioxide under a condition of exhaust 
5 gases having a high temperature of more than 500 * C, with the result that amounts of sulfates generated 
increase, a rate of removal of all particulate substances rather decreases and the sulfates pose a new 
environmental problem. 

That is to say, a catalyst that sufficiently possesses the aforesaid properties (aHc) required of the 
catalyst for purifying exhaust gases of the diesel engine and removability of SOF has not yet been found. 
10 Accordingly, it is an object of this invention to provide a catalyst for purifying exhaust gases of a diesel 
engine, said catalyst being capable of removing particulate substances in exhaust gases of a diesel engine 
with good efficiency. 

Another object of this invention is to provide a catalyst for purifying exhaust gases of a diesel engine 
which catalyst has performance of buming and removing from low temperatures harmful ingredients in 

75 exhaust gases of a diesel engine, such as carbonaceous fine particles, unbumed hydrocarbons, cartx^n 
monoxide, etc. and Is low in oxidizability of sulfur dioxide even under a condition of exhaust gases having a 
high temperature of more than 500* C, making it possible to suppress formation of sulfates. 

Still another object of this invention is to provide a catalyst for purifying exhaust gases of a diesel 
engine which can remove SOF in exhaust gases of a diesel engine with good efficiency. 

20 The other object of this invention is to provide a catalyst for purifying exhaust gases of a diesel engine 
which catalyst is good in high-temperature durability and can be installed on a diesel car without posing a 
practical problem. 

[Means for Solving the Problems] 

25 

Jh& present inventors have made extensive studies to achieve the aforesaid objects, and have 
consequently found that a catalyst comprising at least one element selected from nickel and cobalt is an 
excellent catalyst having ability to purify SOF, unburned hydrocarbons, etc. from low temperatures in 
exhaust gases of a diesel engine and showing an effect of suppressing oxidation of sulfur dioxide even in a 
30 high temperature region exceeding 500 *C. They have thus perfected this invention on the basis of this 
finding. 

This Invention will be described in detail below. 

This invention provides a catalyst for purifying exhaust gases of a diesel engine, said catalyst 
comprising at least one element selected from nickel and cobalt. Especially, a preferable catalyst of this 
35 invention is a catalyst wherein a catalyst component comprising at least one element selected from nickel 
and cobalt, and a refractory inorganic oxide is deposited on a refractory three-dimensional structure. 

It is preferable that the refractory inorganic oxide is at least one type selected from the group consisting 
of activated almina, silica, titania, zirconia, silica-alumina, alumina-zirconia, alumlna-titania, silica-titania, 
silica-zirconia and titania-zirconia. 
40 It is preferable that the refractory three-dimensk>nal structure is an open flow-type ceramic honeycomb 
or metal honeycomb. 

An amount deposited, per liter of a catalyst, of at least one element selected from nickel and cotialt is 
0.5 to 50 g. When it is less than 0.5 g, activity is low. When it exceeds 50 g, improven^t of activity 
equivalent to the amount added is not obtained. 

45 Nickel or cobalt starting materials are not particulariy specified, and those ordinarily used In the art are 
available. Examples thereof are metals, oxides, cartxKiates, nitrates, sulfates, hydroxides and acetates. 

As a preferable emtxxfiment of this inveniton, a catalyst comprising at least one element selected from 
nickel and cobalt and further a copper element in an amount deposited, as an oxide, of 0.1 to 1 .0 g per liter 
of a three-dimensional structure, a ratio of the amount deposited, as an oxide, of the copper element to the 

50 amount deposited, as an oxkJe, of at least one element selected from nickel and cofc)alt [CuO/(NiO and/or 
C02O3)] being 0.01 to 0.5, shows excellent performance that it can purify SOF from low temperatures and 
suppress oxidizability of sulfur dioxide even under a condition of high temperature exhaust gases of 500 * C 
or more. 

When the amount deposited of copper is larger than 1.0 g or the above ratio is higher than 0.5, 
55 fomnation of sulfates in the temperature region of more than 500* C increases. Meanwhile, when the amount 
deposited of copper is smaller than 0.1 g or the above ratio is lovyer than 0.01, the effect given by the 
addition of copper is not found. Thus, both are unwanted. 
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Copper starting materiais are not particularly limited, and those ordinarily used in the art are available. 
Examples thereof are metals, oxides, carbonates, nitrates, sulfates, hydroxides and acetates. 

The refractory inorganic oxide is at least one type selected from activated alumina, silica, titania, 
zirconia, silica-alumina, alumina-zirconia, alumina-titania, silica-titania, sllica-zirconia and titania-zirconia. Of 
5 these, activated alumina, silica, titania and zirconia are especially preferable. 

The amount deposited, per liter of the catalyst, of the refractory inorganic oxide is preferably 1 to 300 g. 
When it is less than 1 g, the refractory inorganic oxide is less devoted to activity. When it exceeds 300 g, 
improvement of activity equivalent to the amount added is little. When it is used in a catalyst of a refractory 
three-dimensional structure, a back pressure tends to increase. 
10 The above elements may be either deposited on, or blended with, the refractory Inorganic oxide. 

As the refractory three-dimensional structure depositing the catalyst component, an open flow-type 
ceramic honeycomb or an open flow-type metal honeycomb is suitable. 

The catalyst of this invention can be one in which a catalyst component obtained by dispersing and 
depositing at least one element selected from nickel and cobalt and optionally a copper element on a 
75 refractory inorganic oxide is deposited on a refractory three-dimensional structure. 

Incidentally, the word "element" used in the present specification includes a metal and an oxide. 
A method for preparing the catalyst of this invention is not particularly limited, and can be prepared by 
the following method (1) or (2), for example. 

(1) A powder of the refractory inorganic oxide is wet-pulverized and slurried, and the refractory three- 
20 dimensional structure is dipped in the slurry. After excess slurry is removed, the product is dried at 80 to 
250 *C, and then calcined at 300 to 850 *C. The refractory three-dimensional stmcture is then dipped \n 
an aqueous solution containing given amounts of compounds of nickel and/or cobalt and optionally 
copper. After excess solution is removed, the product is dried at 80 to 250 *C, and then calcined at 300 
to 850* C to obtain a final catalyst. 
25 (2) The refractory Inorganic oxide is charged and dipped in an aqueous solution containing given 
amounts of compounds of nk:kel and/or cobalt and optionally copper. The solution is dried at 80 to 
250 *C, and the product is then calcined at 300 to 850* C to form a powder in which the metal oxides are 
dispersed and deposited on the refractory inorganic oxide. Said powder is wet-pulverized and slurried. 
The refractory three-dimensional structure is dipped in the slurry. After excess slurry is removed, the 
30 product is dried at 80 to 250 * C, and then cateined at 300 to 850* C to obtain a final catalyst. 

[Effects off the Inventton] 

The catalyst of this invention is excellent in performance of burning and removing from low tempera- 
35 tures harmful ingredients such as cartxMiaceous fine particles, unbumed hydrocarbons, carbon monoxide, 
etc. and is tow in oxidizability of sulfur dioxide even under a conditk>n of exffiaust gases having a high 
temperature of more than 500 *C, making it possible to suppress formation of sulfates. Accordingly, the 
catalyst of this invention is excellent in reducing the particulate substances in exhaust gases of the diesei 
engine, and the exhaust gases of the diesei engine can t3e purified by using the catalyst of this invention. 
40 Further, the catalyst of ttiis invention is excellent in removability of SOF and is therefore quite effective 
for purifying the exfiaust gases of the diesei engine. 

Still further, since the catalyst of this invention is excellent in high-temperature durability, it can tie 
mounted on a diesei car without causing a practical problem. 

Accordingly, the catalyst of this invention has an ability to purify SOF, unburned hydrocarbons, etc. 
45 from low temperatures and can exhibit excellent performance that an oxidation rate of sulfur dioxide is 
controlled to 4 % or less even in the high temperature region of 500 to 700* C. 

As stated atx>ve, the catalyst of this invention is quite useful as a catalyst for purifying exhaust gases of 
a diesei ertgine. 

50 [EXAMPLES] 

This invention is illustrated in more detail below by the following Examples and Comparative Examples. 
EXAMPLE 1 

55 

One kilogram of alumina having a specific surface area of 118 m^/g was introduced in an aqueous 
solution of 233.6 g of nickel nitrate in deionized water, well stirred and ttien dried at 150*0 for 1 hour. The 
product was further calcined at 500 *C for 2 hours to obtain an alumina powder on which nickel oxkje (NiO) 
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was dispersed and deposited. One kiiogram of the alumina powder was wet-pulverized and slurried. 

In the thus obtained slurry was dipped a cylindrical cordierite honeycomb support provided with about 
400 open flow gas passage cells per square inch of a cross-sectional area and having a diameter of 5.6 
inches and a length of 6 Inches. After excess slurry was removed, the product was dried at 150* C for 2 
5 hours, and then calcined at 500 • C for 1 hour to obtain a catalyst. 

The amounts deposited of alumina and nickel oxide in the catalyst were 50 g and 3.0 g per liter of the 
structure, respectively. 

EXAMPLE 2 

10 

One kilogram of zirconia having a specific surface area of 56 m^/g and 400 g of a nickel oxide powder 
were charged in deionized water, wet-pulverized and slurried. 

In the thus obtained slurry was dipped the same cordierite honeycomb support as used in Example 1. 
After excess slurry was removed, the product was dried at 150* C for 1 hour, and then calcined at 700 'C 
75 for 1 hour to obtain a catalyst. The amounts deposited of zirconia and nickel oxide in this catalyst were 25 g 
and 10 g per liter of the structure. 

EXAMPLE 3 

20 One kilogram of a titania-zirconia powder (a TiQ2/Zr02 molar ratk) 3/7) having a specific surface area of 

146 m^/g was wet-pulverized and slurried. 

In the thus obtained slurry was dipped a cylindrical stainless steel honeycomb support provided with 

about 300 open flow gas passage cells per square inch of a cross-sectional area and having a diameter of 

5.66 inches and a length of 6.00 inches. After excess slurry was removed, the product was dried at 150* C 
25 for 1 hour, and then calcined at 400* C for 1 hour to obtain a structure on which the titania-zirconia powder 

was deposited. 

The structure was dipped in 2.5 liters of an aqueous solutk>n of 320 g of nickel acetate in deionized 
water. After excess solution was removed, the product was dried at 150* C for 3 hours, and then calcined at 
650" C for 1 hour to obtain a catalyst. 
30 The amounts deposited of titania-zirconia and nickel oxide in this catalyst were 50 g and 5.0 g per liter 
of the structure, respectively. 

EXAMPLE 4 

35 One kilogram of alumina having a specific surface area of 118 m^/g was charged in an aqueous solution 
of 870.2 g of cobalt nitrate in deionized water, well stirred and then dried at 1 50 * C for 1 hour. Further, the 
product was calcined at 600' C for 1 hour to obtain an alumina powder on which cobalt oxide (C02O3) was 
dispersed and deposited. One kilogram of the alumina powder was wet-pulverized and slurried. 

In the thus obtained slurry was dipped the same cordierite horieycomb support as used in Example 1 . 
40 After excess slunry was removed, the product was dried at 150* 0 for 1 hour to obtain a catalyst. 

The amounts deposited of alumina and cobalt oxide in the catalyst were 50 g and 12 g per liter of the 
structure, respectively. 

EXAMPLE 5 

45 

One kilogram of a silica-alumina powder (a Si02/Al2 03 molar ratio 2/1) having a specific surface area of 
218 m^/g was charged in an aqueous solution of 1,582 g of cobalt sulfate in deionized water, well stirred 
and dried at 150*C for 1 hour. Further, the product was calcined at 000*0 for 1 hour to obtain a silica- 
alumina powder on which cot)alt oxide (CQ2O3) was dispersed and deposited. One kilogram of the silica- 
50 alumina powder on which cobalt oxide (C02O3) was dispersed and deposited was wet-pulverized and 
slurried. 

In the thus obtained slurry was dipped the same cordierite honeycomb support as used in Example 1 . 
After excess slurry was removed, the product was dried at 1 50 'C for 1 hour to obtain a catalyst. 

The amounts deposited of silica-alumina and cobalt oxide in this catalyst were 62 g and 28 g per liter of 
55 the structure, respectively. 
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EXAMPLE 6 

One kilogram of alumina having a specific surface area of 158 xv^lq was charged in an aqueous solution 
of 78.4 g of nickel acetate and 547.6 g of cobalt acetate in deionized water, well stinred and dried at 150* C 
5 for 3 hours. Further, the product was calcined at 800 * C for 1 hour to obtain an almina powder on which 
nickel oxide (NiO) and cobalt oxide (C02O3) were dispersed and deposited. One kilogram of the alumina 
powder was wet-pulverized and slurried. 

In the thus obtained slurry was dipped a cylindrical stainless steel honeycomb support provided with 
about 200 open flow gas passage cells per square inch of a cross-sectional area and having a diameter of 
10 5.66 inches and a length of 6.00 inches. After excess slurry was removed, the product was dried at 150* C 
for 1 hour, and then calcined at 400* C for 1 hour to obtain a catalyst. 

The amounts deposited of alumina, nickel oxide and cobalt oxide in this catalyst were 85 g, 2 g and 15 
g per liter of the structure, respectively. 

75 EXAMPLE 7 

One kilogram of a titania-Zirconia powder (a TiQ2/Zr02 molar ratio 3/1) having a specific surface area of 
86 m^/g was wet-pulverized and slurried. 

In the thus obtained slurry was dipped a cylindrical cordierite honeycomb support provided with about 
20 300 open flow gas passage cells per square inch of a cross-sectional area and having a diameter of 5.66 
inches and a length of 6.00 inches. After excess slurry was removed, the product was dried at 150* C for 1 
hour, and ttien calcined at 600* C for 1 hour to obtain a structure having deposited thereon a titania-zirconia 
powder. 

The structure was dipped in 2.6 liters of an aqueous solution of 132 g of nickel chloride, 307 g of cobalt 
25 chtoride and 79 g of copper chloride in deionized water. After excess solution was removed, the product 
was dried at 150* C for 3 hours, and then calcined at 650* 0 for 1 hour to obtain a catalyst. 

The amounts deposited of titania-zirconia, nickel oxkie, cotialt oxide and copper oxide in the catalyst 
were 2 g, 5 g and 0.8 g per liter of the structure, respectively. 

30 EXAMPLE 8 

One kilogram of zirconia having a specific surface area of 45 m^/g was charged in an aqueous solution 
of 161.6 g of cobalt sulfate and 12.1 g of copper sulfate in deionized water, well stin-ed and then dried at 
150*C for 1 hour. The product was calcined at 500*0 for 2 hours to obtain a zirconia powder on which 
35 cobalt oxide (CQ2O3) and copper oxide (CuO) were dispersed and deposited. One kilogram of the zirconia 
powder was wet-pulverized and slurried. 

In the thus otitained slurry was dipped a cylindrical honeycomb support provided with about 200 open 
flow gas passage cells per square inch of a crosssectional area and having a diameter of 5.66 inches and a 
length of 6.00 inches. After excess slurry was removed, the product was dried at 150*0 for 2 hours, and 
40 then calcined at 500 * 0 for 1 hour to obtain a catalyst. 

The amounts deposited of zirconia, cobalt oxide and copper oxide in the catalyst were 130 g, 6 g and 
0.5 g per liter of the structure. 

EXAMPLE 9 

45 

One kilogram of alumina having a specific surface area of 145 m^/g was charged in an aqueous solution 
of 248.5 g of nickel nitrate and 1.3 g of copper nitrate in deionized water, weJl stirred and dried at 150* C for 
1 hour. Further, the product was calcined at 600* 0 for 2 hours to obtain an alumina powder on which nickel 
oxide (Ni02) and copper oxide (OuO) were dispersed and deposited. One kilogram of the alumina powder 
50 was wet-puh^erized and slunied. 

In the thus obt^ned slurry was dipped a cylindrical cordierite honeycomb support provided with about 
100 open flow gas passage cells per square inch of a cross-sectional area and having a diameter of 5.66 
inches and a length of 6.00 inches. After excess slurry was removed, the product was dried at 150* 0 for 2 
hours to obtain a catalyst. 

55 The amounts deposited of alumina, nickel oxide and copper oxkle in the catalyst were 235 g, 15 g and 
0.1 g per liter of the structure. 
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COMPARATIVE EXAMPLE 1 

A catalyst was obtained as in Example 1 except that 228 g of copper nitrate was dissolved in deionized 
water. The amounts deposited of alumina and copper oxide in the catalyst were 50 g and 3.0 g per liter of 
5 the structure, respectively. 

COMPARATIVE EXAMPLE 2 

A catalyst was obtained as in Example 1 except that 158 g of chromium nitrate was dissolved in 
10 deionized water. The amounts deposited of alumina and chromium oxide in the catalyst were 50 g and 3.0 g 
per liter of the structure, respectively. 

COMPARATIVE EXAMPLE 3 

75 A catalyst was obtained as in Example 1 except that palladium nitrate containing 20 g of palladium was 
dissolved in deionized water. The amounts deposited of alumina and palladium in the catalyst were 50 g 
and 1 .0 g per liter of the structure. 

COMPARATIVE EXAMPLE 4 

20 

A catalyst was obtained as in Example 1 except that chloroplatinic acid containing 20 g of platina was 
dissolved in deionized water. The amounts deposited of aluminum and piadnum in the catalyst were 50 g 
and 1.0 g per liter of the structure, respectively. 

25 COMPARATIVE EXAMPLE 5 

A catalyst was obtained as in Example 1 except that rhodium nitrate containing 20 g of rhodium was 
dissolved in deionized water. The amounts deposited of alumina and rhodium in the catalyst were 50 g and 
1 .0 g per liter of the structure. 

30 

COMPARATIVE EXAMPLE 6 

A catalyst was obtained as in Example 1 except that 200 g of nickel acetate and 12.1 g of copper 
acetate were dissolved In deionized water. The amounts deposited of alumina, nickel oxide and copper 
35 oxide were 50 g, 3.0 g and 1 .5 g per liter of the structure, respectively. 

COMPARATIVE EXAMPLE 7 

A catalyst was obtained as in Example 1 except that 72.5 g of cobalt nitrate and 60.7 g of copper nitrate 
40 were dissolved in deionized water. The amounts deposited of alumina, cobalt oxide and copper oxide in the 
catalyst were 50 g, 1.0 g and 1.0 g per liter of the structure, respectively. 

Tlie amounts deposited of the components in the catalysts obtained in Examples 1 to 9 and 
Comparative Examples 1 to 7 are sfK>wn in Table 1. 

45 
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55 [Evaluation of the Catalyst] 

Regarding the respective catalysts, performance of purifying exhaust gases of a diesel engine was 
evaluated by the following nnethod. 
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in this case, a supercharging direct Injection diesel engine (4 cylinders, 2,800 cc) and a diesel oil having 
a sulfur content of 0.38 % by weight as a fuel were used In said method. 

The catalyst was installed In an exhaust gas from the engine, and a durability test was performed for 
300 hours under conditions of 2,500 rpm (revolution per minute of the engine), full load and a catalyst inlet 
5 temperature of 600 • C. 

Then, the content of the particulate substance in exhaust gases before entering a catalyst bed (inlet) 
and after leaving the catalyst bed (outlet) was measured by an ordinary dilution tunnel method under stable 
conditions of 2,000 rpm (revolution per minute of the engine) and catalyst inlet temperatures of 400* C and 
600* C. A rate (%) of purification of the particulate substances was then found. 
10 Moreover, the particulate substances captured with the dilution tunnel was extracted with a dich- 
loromethane solution. From change in weight of the particulate substances before and after extraction, the 
exhaust amount of SOF was measured, and a rate of purification of SOF was found. 

At the same time, sulfur dioxide and gaseous hydrocarbons in exhaust gases before entering the 
catalyst bed and after passing through the catalyst bed were analyzed, and the conversion (%) was found. 
15 The results are shown in Table 2. 
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Claims 

50 1. A catalyst for purifying exhaust gases of a diesel engine, said catalyst comprising at least one element 
selected from nickel and cot>att. 

2. A catalyst for purifying exhaust gases of a diesel engine, said catalyst comprising a refractory three- 
dimensional structure and deposited thereon, a catalyst component comprising at least one element 

55 selected from nickel and cobalt and a refractory inorganic oxide. 

3. The catalyst of claim 1 wherein the refractory inorganic oxide is at least one type selected from the 
group consisting of activated alumina, silica, titania, zirconia, silica-alumina, alumina-zirconia, alumina- 
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titania, sllica-titania, silica-zlrconia and titania-zirconia. 

4. The catalyst of claim 1 wherein the refractory three-dimensional structure is an open flow ceramic 
honeycomb or an open flow metal honeycomb. 

5 

5. The catalyst of claim 1 or 2 further comprising a copper element, a weight ratio of an amount 
deposited, as an oxide, of a copper element to an amount deposited, as an oxide, of at least one 
element selected from nickel and cobalt [CuO/(NIO and/or CQ2O3)] being 0.01 to 0.5. 

10 6. The catalyst of claim 2 wherein at least one element selected from nickel and cobalt is contained in an 
amount of 0.5 to 50 g, as an oxide, per liter of the three-dimensional structure, the copper element is 
further contained in an amount of 0.1 to 1.0 g, as an oxide, per liter of the three-dimensional structure, 
and a weight ratio of the amount deposited, as an oxide, of the copper element to the amount 
deposited, as an oxide, of at least one element selected from nickel and cobalt [CuO/(NiO and/or 

IS CO2O3)] is 0.01 to 0.5. 
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